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METHOD, APPARATUS AND SYSTEM TO
MANAGE DISTRIBUTED CHANNEL ACCESS
WITH TIME RESERVATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 10/745,898, filed on Dec. 24, 2003, which is
incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

Embodiments of the present invention generally relate to
the field of wireless networking, and, more particularly to a
method, apparatus and system to manage distributed channel
access with time reservation.

BACKGROUND OF THE INVENTION

With an increasing number of wireless network standards
and devices there is a greater need to utilize and share chan-
nels efficiently and fairly.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
not limitation in the figures of the accompanying drawings in
which like references indicate similar elements, and in which:

FIG. 1 is a block diagram of an example network environ-
ment suitable for implementing the reservation agent, in
accordance with one example embodiment of the invention;

FIG. 2 is a block diagram of an example reservation agent
architecture, in accordance with one example embodiment of
the invention;

FIG. 3 is a flow chart of an example method for managing
distributed channel access with time reservation, in accor-
dance with one example embodiment of the invention; and

FIG. 4 is a block diagram of an example article of manu-
facture including content which, when accessed by a device,
causes the device to implement one or more aspects of one or
more embodiment(s) of the invention.

DETAILED DESCRIPTION

Embodiments of the present invention are generally
directed to a method, apparatus and system to manage dis-
tributed channel access with time reservation. In this regard,
in accordance with but one example implementation of the
broader teachings of the present invention, a reservation agent
is introduced. In accordance with but one example embodi-
ment, the reservation agent employs an innovative method to
reserve an overestimated amount of time to transmit and then
to release any unused time reserved. The reservation may not
know the precise duration of the transmission a priori because
it may not know the transmit rate, it may not know the amount
of data to be sent, or it may not know how many retransmis-
sions will be required. According to one example method, the
reservation agent may broadcast a frame that will inhibit other
devices in the network from attempting to broadcast for a
specified amount of time and then may broadcast a frame to
release any used portion of the time reservation, as described
hereinafter.

In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the invention. It will be apparent,
however, to one skilled in the art that embodiments of the
invention can be practiced without these specific details. In
other instances, structures and devices are shown in block
diagram form in order to avoid obscuring the invention.
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Reference throughout this specification to “one embodi-
ment” or “an embodiment” means that a particular feature,
structure or characteristic described in connection with the
embodiment is included in at least one embodiment of the
present invention. Thus, appearances of the phrases “in one
embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring
to the same embodiment. Furthermore, the particular fea-
tures, structures or characteristics may be combined in any
suitable manner in one or more embodiments.

FIG. 1 is a block diagram of an example network environ-
ment suitable for implementing the reservation agent, in
accordance with one example embodiment of the invention.
In accordance with the illustrated example embodiment, net-
work environment 100 may include one or more of stations
102, 108 and 112, reservation agent 104, and network areas
106, 110 and 114 coupled as shown in FIG. 1. Reservation
agent 104, as described more fully hereinafter, may well be
used in electronic appliances and network environments of
greater or lesser complexity than that depicted in FIG. 1. Also,
the innovative attributes of reservation agent 104 as described
more fully hereinafter may well be embodied in any combi-
nation of hardware and software.

Stations 102, 108 and 112 may represent laptop, desktop,
or handheld computing devices or any other computing
devices or appliances that can access network resources
through a wireless network and that host reservation agent
104. As used herein, a wireless network generally represents
any network wherein communications do not require the use
of wires or cables. Examples of wireless networks include,
but are not limited to, wireless local area networks (WLAN),
wireless metropolitan area networks (WMAN), wireless
wide are networks (WWAN), and wireless personal area net-
works (WPAN). In one embodiment, though the present
invention is not so limited, stations 102, 108 and 112 may
represent The Institute of Electrical and Electronics Engi-
neers, Inc. (IEEE) 802.11n (amendment to 802.11 standard,
under development) compliant stations.

Network areas 106, 110 and 114 may represent the maxi-
mum signal ranges for stations 102, 108 and 112, respec-
tively. Though depicted as two-dimensional circles for illus-
tration purposes, network areas 106, 110 and 114 may be
three-dimensional and may be any shape based on obstruc-
tions, terrain, and other factors. In one embodiment, stations
102, 108 and 112 may be located such that each can commu-
nicate with the others, thereby creating a network with shared
channel access.

Reservation agent 104 may have an architecture as
described in greater detail with reference to FIG. 2. Reserva-
tion agent 104 may also perform one or more methods for
managing channel access with a time reservation, such as the
method described in greater detail with reference to FIG. 3.

FIG. 2 is a block diagram of an example reservation agent
architecture, in accordance with one example embodiment of
the invention. As shown, reservation agent 104 may include
one or more of control logic 202, memory 204, wireless
network interface 206, and reservation engine 208 coupled as
shown in FIG. 2. In accordance with one aspect of the present
invention, to be developed more fully below, reservation
agent 104 may include a reservation engine 208 comprising
one or more of reserve services 210, transmit services 212,
and/or release services 214. It is to be appreciated that,
although depicted as a number of disparate functional blocks,
one or more of elements 202-214 may well be combined into
one or more multi-functional blocks. Similarly, reservation
engine 208 may well be practiced with fewer functional
blocks, i.e., with only transmit services 212, without deviat-



US 9,332,564 B2

3

ing from the spirit and scope of the present invention, and may
well be implemented in hardware, software, firmware, or any
combination thereof. In this regard, reservation agent 104 in
general, and reservation engine 208 in particular, are merely
illustrative of one example implementation of one aspect of
the present invention. As used herein, reservation agent 104
may well be embodied in hardware, software, firmware and/
or any combination thereof.

As introduced above, reservation agent 104 may have the
ability to reserve channel access for longer than necessary to
transmit and then to release any excess time reservation when
finished transmitting. In one embodiment, reservation agent
104 may overestimate the amount of time needed to transmit
based on the size of the communication to be transmitted. In
the same and other embodiments, reservation agent 104 may
reserve a predefined maximum amount of time to transmit.
One skilled in the art would appreciate that reservation agent
104 can provide for efficient use of a network channel by
minimizing collisions between communications of network
devices and minimizing unused channel access.

Asused herein control logic 202 provides the logical inter-
face between reservation agent 104 and its host station (for
example 102). In this regard, control logic 202 may manage
one or more aspects of reservation agent 104 to provide a
communication interface from station 102 to wireless net-
work communications, e.g., through wireless interface 206
and one or more antenna(e).

According to one aspect of the present invention, though
the claims are not so limited, control logic 202 may receive
event indications such as, e.g., receipt from the host station of
a communication to be transmitted. Upon receiving such an
indication, control logic 202 may selectively invoke the
resource(s) of reservation engine 208. As part of an example
method for managing distributed channel access with time
reservation, as explained in greater detail with reference to
FIG. 3, control logic 202 may selectively invoke reserve
services 210 or release services 214 that may reserve or
release channel access, respectively. Control logic 202 also
may selectively invoke transmit services 212, as explained in
greater detail with reference to FIG. 3, to transmit to one or
more other station(s). As used herein, control logic 202 is
intended to represent any of a wide variety of control logic
known in the art and, as such, may well be implemented as a
microprocessor, a micro-controller, a field-programmable
gate array (FPGA), application specific integrated circuit
(ASIC), programmable logic device (PLD) and the like. In
some implementations, control logic 202 is intended to rep-
resent content (e.g., software instructions, etc.), which when
executed implements the features of control logic 202
described herein.

Memory 204 is intended to represent any of a wide variety
of memory devices and/or systems known in the art. Accord-
ing to one example implementation, though the claims are not
so limited, memory 204 may well include volatile and non-
volatile memory elements, possibly random access memory
(RAM) and/or read only memory (ROM). Memory 204 may
be used to store communication(s) to be transmitted and/or a
network allocation vector (NAV), which may indicate if the
network channel is reserved and for how long.

Wireless network interface 206 provides a path through
which reservation agent 104 can communicate with other
network devices, for example among stations 102, 108 and
112. Wireless network interface 206 is intended to represent
any of a wide variety of network interfaces and/or controllers
known in the art.

As introduced above, reservation engine 208 may be selec-
tively invoked by control logic 202 to reserve an overesti-
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mated amount of time to transmit a communication(s), to
transmit the communication(s), and to release any excess
time reservation no longer needed. In accordance with the
illustrated example implementation of FIG. 2, reservation
engine 208 is depicted comprising one or more of reserve
services 210, transmit services 212 and release services 214.
Although depicted as a number of disparate elements, those
skilled in the art will appreciate that one or more elements
210-214 of reservation engine 208 may well be combined
without deviating from the scope and spirit of the present
invention.

Reserve services 210, as introduced above, may provide
reservation agent 104 with the ability to reserve an overesti-
mated amount of time to transmit a communication(s). In one
example embodiment, reserve services 210 may generate a
frame to be transmitted that when received by other stations in
the wireless network, causes the other stations to not transmit
on the network channel for a specified amount of time.
Reserve services 210 may also respond to the receipt of such
frames by setting a medium reservation timer (referred to here
as NAV) to keep from transmitting on the network channel for
a specified amount of time. In one example embodiment, the
amount of time to reserve may based on the size of the
communication(s) and an underestimate of the rate of transfer
that can be achieved. Although the present invention is not so
limited, the overestimated time reservation may be a maxi-
mum available time reservation. Other methods of overesti-
mating the amount of time to reserve that do not deviate from
the scope of the present invention will occur to those skilled in
the art.

As introduced above, transmit services 212 may provide
reservation agent 104 with the ability to transmit the commu-
nication(s). Transmit services 212 may first verify that a NAV
is not active indicating that another station has reserved the
network channel. In one embodiment, transmit services 212
may include error correction capabilities to ensure that each
frame was properly transmitted and received. In one example
embodiment, transmit services 212 may retransmit frames
that were not properly received.

Release services 214, as introduced above, may provide
reservation agent 104 with the ability to release any excess
time reservation after the communication(s) have been trans-
mitted. In one embodiment, release services 214 may gener-
ate a frame to be transmitted that when received by other
stations in the wireless network, causes the other stations to
transmit at will on the network channel. Reserve services 210
may also respond to the receipt of such frames by clearing a
NAV that had kept the station from transmitting on the net-
work channel. In one example embodiment, release services
214 may use a quality of service (QoS) frame as defined in
The Institute of Electrical and Electronics Engineers, Inc.
(IEEE) 802.11e (amendment to 802.11 standard, under devel-
opment), for example a QoS-Null frame with a zero duration
value addressed to the broadcast address may be interpreted
as an indication to clear the NAV. In another example embodi-
ment, release services may use another frame that is under-
stood by the network stations.

FIG. 3 is a flow chart of an example method for managing
distributed channel access with time reservation, in accor-
dance with one example embodiment of the invention. It will
be readily apparent to those of ordinary skill in the art that
although the following operations may be described as a
sequential process, many of the operations may in fact be
performed in parallel or concurrently. In addition, the order of
the operations may be re-arranged without departing from the
spirit of embodiments of the invention.
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According to but one example implementation, the method
of FIG. 3 begins with control logic 202 invoking reserve
services 210 to reserve (302) an overestimated time reserva-
tion. In one example embodiment, reserve services 210 of
station 102 may generate a frame that is transmitted by trans-
mit services 212 (provided, there is no NAV restriction)
through wireless network interface 206 to stations 108 and
112. In one example embodiment, stations 108 and 112
receive the frame from station 102 and set a NAV that gives
station 102 use of the network channel for a specified amount
of time that from the point of view of station 102 is an
overestimate of the amount of time actually needed.

Next, transmit services 212 may be invoked to transmit
(304). In one example embodiment, transmit services 212 of
station 102 may broadcast (and rebroadcast if necessary)
frames to station 108 and/or station 112 for as long as a time
reservation is active.

Control logic 202 may then release (306) the time reserva-
tion by invoking release services 214. In one example
embodiment, when transmit services 212 no longer needs a
time reservation of the network channel (for example, when
finished transmitting a communication), release services 214
of station 102 may generate a frame that is transmitted
through wireless network interface 206 to stations 108 and
112. In one example embodiment, stations 108 and 112
receive the frame from station 102 and clear a NAV, thereby
freeing up access to the network channel.

FIG. 4 illustrates a block diagram of an example storage
medium comprising content which, when accessed, causes an
electronic appliance to implement one or more aspects of the
reservation agent 104 and/or associated method 300. In this
regard, storage medium 400 includes content 402 (e.g.,
instructions, data, or any combination thereof) which, when
executed, causes the appliance to implement one or more
aspects of reservation agent 104, described above.

The machine-readable (storage) medium 400 may include,
but is not limited to, floppy diskettes, optical disks, CD-
ROMs, and magneto-optical disks, ROMs, RAMs, EPROMs,
EEPROMSs, magnet or optical cards, flash memory, or other
type of media/machine-readable medium suitable for storing
electronic instructions. Moreover, the present invention may
also be downloaded as a computer program product, wherein
the program may be transferred from a remote computer to a
requesting computer by way of data signals embodied in a
carrier wave or other propagation medium via a communica-
tion link (e.g., a modem, radio or network connection).

In the description above, for the purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art that the present
invention may be practiced without some of these specific
details. In other instances, well-known structures and devices
are shown in block diagram form.

Embodiments of the present invention may be used in a
variety of applications. Although the present invention is not
limited in this respect, the invention disclosed herein may be
used in microcontrollers, general-purpose microprocessors,
Digital Signal Processors (DSPs), Reduced Instruction-Set
Computing (RISC), Complex Instruction-Set Computing
(CISC), among other electronic components. However, it
should be understood that the scope of the present invention is
not limited to these examples.

Embodiments of the present invention may also be
included in integrated circuit blocks referred to as core
memory, cache memory, or other types of memory that store
electronic instructions to be executed by the microprocessor
or store data that may be used in arithmetic operations. In
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general, an embodiment using multistage domino logic in
accordance with the claimed subject matter may provide a
benefit to microprocessors, and in particular, may be incor-
porated into an address decoder for a memory device. Note
that the embodiments may be integrated into radio systems or
hand-held portable devices, especially when devices depend
onreduced power consumption. Thus, laptop computers, cel-
Iular radiotelephone communication systems, two-way radio
communication systems, one-way pagers, two-way pagers,
personal communication systems (PCS), personal digital
assistants (PDA’s), cameras and other products are intended
to be included within the scope of the present invention.

The present invention includes various operations. The
operations of the present invention may be performed by
hardware components, or may be embodied in machine-ex-
ecutable content (e.g., instructions), which may be used to
cause a general-purpose or special-purpose processor or logic
circuits programmed with the instructions to perform the
operations. Alternatively, the operations may be performed
by a combination of hardware and software. Moreover,
although the invention has been described in the context of a
computing appliance, those skilled in the art will appreciate
that such functionality may well be embodied in any of num-
ber of alternate embodiments such as, for example, integrated
within a communication appliance (e.g., a cellular tele-
phone).

Many of the methods are described in their most basic form
but operations can be added to or deleted from any of the
methods and information can be added or subtracted from any
of the described messages without departing from the basic
scope of the present invention. Any number of variations of
the inventive concept is anticipated within the scope and spirit
of the present invention. In this regard, the particular illus-
trated example embodiments are not provided to limit the
invention but merely to illustrate it. Thus, the scope of the
present invention is not to be determined by the specific
examples provided above but only by the plain language of
the following claims.

What is claimed is:
1. A wireless communication station (STA) arranged to
operate in a network in which channel access is controlled by
network allocation vectors (NAVs), the wireless communica-
tion station comprising a wireless network interface arranged
to:
transmit data frames to one or more other wireless com-
munication stations during a duration of a reservation;

receive acknowledgements of the data frames from the one
or more other wireless communication stations during
the duration of the reservation;
determine whether unused time remaining in the reserva-
tion is sufficient for transmission of an end frame; and

transmit the end frame within the duration after receipt of
the acknowledgements of the frames when the unused
time remaining in the reservation is sufficient to transmit
the end frame.

2. The wireless communication station of claim 1 wherein
the reservation comprises a transmission opportunity
(TXOP), and

wherein the transmission of the end frame truncates the

TXOP.

3. The wireless communication station of claim 2 wherein
the wireless network interface is further arranged to refrain
from transmitting the end frame when the unused time
remaining in the reservation is insufficient to transmit the end
frame.
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4. The wireless communication station of claim 3 wherein
the end frame is arranged to release unused time remaining in
the reservation after transmission of the end frame.

5. The wireless communication station of claim 4 wherein
the wireless network interface is arranged to transmit the end
frame only when the unused time remaining in the reservation
is sufficient to transmit the end frame.

6. The wireless communication station of claim 4 wherein
the wireless network interface is arranged to determine
whether any unused time remains in the reservation after
transmission of the data frames, and

wherein when there is unused time remaining in the reser-

vation after transmission of the data frames, the wireless
network interface is arranged to determine whether the
unused time is sufficient to transmit the end frame.

7. The wireless communication station of claim 4 wherein
the wireless network interface is arranged to determine
whether any unused time remains in the reservation after
receipt of the acknowledgements of the data frames, and

wherein when there is unused time remaining in the reser-

vation receipt of the acknowledgements of the data
frames, the wireless network interface is arranged to
determine whether the unused time is sufficient to trans-
mit the end frame.

8. The wireless communication station of claim 4 wherein
prior to transmission of the data frames, the wireless network
interface is arranged to reserve a wireless channel for the
duration by transmission of an initial frame with the duration
indicated therein, the initial frame arranged to set a NAV of
the one or more other communication stations that receive the
initial frame, the end frame arranged to release the NAV of'the
one or more other communication stations.

9. The wireless communication station of claim 8 wherein
the wireless network interface is to transmit the initial frame
when a NAV of the wireless communication station is not
active and is to refrain from transmitting the initial frame
when the NAV of the wireless communication station is
active.

10. The wireless communication station of claim 8 wherein
prior to transmission of the data frames, the wireless network
interface is arranged to:

determine an amount of time needed for transmission of

the data frames to the one or more other wireless com-
munication stations;

select the duration for the reservation to exceed the amount

of time needed for transmission of the data frames to the
one or more other wireless communication stations; and
indicate the selected duration in the initial frame,

wherein the wireless channel is reserved for an amount of

time greater than necessary to transmit the data frames to
the one or more other wireless communication stations.

11. The wireless communication station of claim 8 wherein
the wireless network interface is arranged to reserve access to
the wireless channel for a predetermined maximum duration
and indicate the predetermined maximum duration in the
initial frame.

12. The wireless communication station of claim 11
wherein the wireless network interface is arranged configure
the end frame as a Quality-of-Service (QoS) null frame with
a zero duration value addressed to a broadcast address, the
QoS null frame to arranged to release the NAV of the one or
more other communication stations.

13. The wireless communication station of claim 12
wherein when a time needed for the transmission of the data
frames exceeds the duration of the reservation, the wireless
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network interface is further arranged to limit transmission of
the data frames to the duration of the reservation.

14. A method for communication in a wireless network in
which channel access is controlled by network allocation
vectors (NAVs), the method comprising:

transmitting data frames to one or more other wireless

communication stations during a duration of a reserva-
tion;

receiving acknowledgements of the data frames from the

one or more other wireless communication stations dur-
ing the duration of the reservation;
determining whether unused time remaining in the reser-
vation is sufficient for transmission of an end frame; and

transmitting the end frame within the duration after receipt
of the acknowledgement of the frames when the unused
time remaining in the reservation is sufficient to transmit
the end frame.

15. The method of claim 14 wherein the reservation com-
prises a transmission opportunity (TXOP), and

wherein the transmission of the end frame truncates the

TXOP.

16. The method of claim 15 further comprising refraining
from transmitting the end frame when the unused time
remaining in the reservation is insufficient to transmit the end
frame.

17. The method of claim 16 further comprising reserving a
wireless channel for the duration by transmission of an initial
frame with the duration indicated therein, the initial frame
arranged to set a NAV of the one or more other communica-
tion stations that receive the initial frame, the end frame
arranged to release the NAV of the one or more other com-
munication stations,

wherein the duration is a predetermined maximum dura-

tion.
18. A non-transitory computer-readable storage medium
that stores instructions for execution by one or more proces-
sors of a wireless communication station (STA) to perform
operations for communication in a wireless network in which
channel access is controlled by network allocation vectors
(NAVs), the operations comprising configuring circuitry of
the wireless communication station to:
transmit data frames to one or more other wireless com-
munication stations during a duration of a reservation;

receive acknowledgements of the data frames from the one
or more other wireless communication stations during
the duration of the reservation;
determine whether unused time remaining in the reserva-
tion is sufficient for transmission of an end frame; and

transmit the end frame within the duration after receipt of
the acknowledgement of the frames when the unused
time remaining in the reservation is sufficient to transmit
the end frame.
19. The non-transitory computer-readable storage medium
of'claim 18 wherein the reservation comprises a transmission
opportunity (TXOP),
wherein the transmission of the end frame truncates the
TXOP, and

wherein the operations further comprise configured the
circuitry to refrain from transmitting the end frame when
the unused time remaining in the reservation is insuffi-
cient to transmit the end frame.
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